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Lipid peroxidation, as a well-known index of reactive oxygen species activity, not only in lung biochemistry, is an
oxidative process associated with membrane lipid destruction. Also, the oxidative modification of nucleic acids by
reactive oxygen species is of remarkable biological importance as it may contribute to malignant conversion, but its
exact role in lung cancer biology is still not clear. Our study aimed to investigate the level of lipid peroxidation ex
vivo in tumour tissue and lung parenchyma obtained from patients with lung cancer. Forty-two patients with lung
cancer were enrolled into the study. During a surgical resection, tumour tissue and lung parenchyma were obtained
and concentration of lipid peroxidation products, thiobarbituric acid-reactive substances and Schi bases, and
spontaneous generation of hydrogen peroxide, were measured. The concentration of thiobarbituric acid-reactive
substances (P50?001) in the tumour tissue was higher than that in lung parenchyma. In small cell lung cancer as
well as in squamous cell carcinoma patients, a positive correlation between spontaneous generation of hydrogen
peroxide in tumour tissue and clinical stage (r=0?43; r=0?46; respectively) was found. Our results prove enhanced
lipid peroxidation in cancer tissue as compared with matched-lung parenchyma. In small cell lung cancer and
squamous cell carcinoma patients, the high level of oxidative stress, expressed as a spontaneous generation of
hydrogen peroxide in tumour tissue, was associated with clinical progression of tumour’s stage.
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Reactive oxygen species, due to high redox potential, are
capable of oxidant modification of such compounds as
proteins, lipids and DNA (1,2). Lipids, localized mainly in
the cell membranes, are remarkably sensitive to oxidative
stress. Lipid peroxidation, well correlated with oxidative
stress intensity, is a chain reaction, in which polyunsatu-
rated fatty acids are degraded to small, more reactive
particles such as conjugated dienes, lipid hydroperoxides
and thiobarbituric acid-reactive substances (TBARs). Lipid
peroxidation products (LPP) can exhibit free radical
activity, therefore they are able to enhance lipid membrane
injury themselves (3). The carcinogenesis seems to be
associated with free radical generation and lipid peroxida-
tion product formation. Indeed, free radicals are well-Received 5 November 1999 and accepted in revised form 15 March
2000.
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0954-6111/00/080800+06 $35?00/0known mutagenic agents and cause phenotypic and
genotype changes that further lead through mutation to
malignant conversion (4). Cigarette smoking is the major
risk factor in the development of lung cancer. Remarkable
number of carcinogens and free radicals were identified in
cigarette smoke. Moreover, cigarette smoking leads to the
influx and activation of phagocytes that release reactive
oxygen species (5,6). There are some data indicating
enhanced oxidative stress in patients with lung cancer.
Comparison of malondialdehyde content in lung parench-
yma sampled from lung cancer and non-lung cancer
smoking patients showed an increased pulmonary lipid
peroxidation in the first group (7). Also, an enhanced
production of pro-inflammatory cytokines (TNFa, IL1) by
peripheral blood monocytes of lung cancer patients was
demonstrated (8). These cytokines may prime phagocytes
for increased production of reactive oxygen species with
subsequent oxidative damage of tissue lipids.
The present study was designed to explore the intensity of
oxidative stress in patients with lung cancer by assessing the
lipid peroxidation and spontaneous generation of hydrogen# 2000 HARCOURT PUBLISHERS LTD
H2O2 GENERATION AND LIPID PEROXIDATION PRODUCTS 801peroxide in tumour and matched lung tissue and their
relationship with the smoking habit and some clinical
parameters.
Methods
PATIENTS
Forty-two patients (mean age: 6110 years; nine females
and 33 males) with previously untreated, histologically
confirmed lung cancer [squamous cell carcinoma: 18, small
cell lung cancer (SCLC): seven; adenocarcinoma: 12; large
cell carcinoma: five] were included into the study, after their
informed consent had been obtained. Among them, there
were 33 smokers and nine non-smokers. The mean
cumulative cigarette consumption was 39+10 pack-years.
In smokers, with squamous cell carcinoma it was 40+10
pack-years, in case of adenocarcinoma patients 43+9 pack-
years, in SCLC 35+10 pack-years and in patients with
large cell carcinoma 31+4 pack-years. The study received
an approval of the University of Ło´dz´ Local Ethics
Committee. Previous treatment with chemotherapy or
radiotherapy and treatment with corticosteroids were
considered as study exclusion criteria. Patients underwent
surgical resection of lung cancer (segmentectomy, lobect-
omy or pulmonectomy) at the Surgery Ward of the District
Hospital. The TNM classification was applied in all cases.
Performance status from 0–2 was noted. No patients had
complications in the post-operative period and they were
referred to the oncology outpatient department for further
management. During the surgery, cancer tissue and normal
lung parenchyma were collected and evaluated histologi-
cally. Samples of cancer tissue were resected at the
peripheral part of the tumour which revealed no signs of
necrosis. The lung parenchyma was collected from periph-
eral part of resected segment, lobe or lung. The sponta-
neous generation of hydrogen peroxide (H2O2) and
concentration of lipid peroxidation products, TBARs andTABLE 1. The characteristics of patients with lung cancer
Number of patients 42
Age (years) 61+10
Sex 9 females/33 males
Smoking habit 33 smokers, 9 non-smokers
Haemoglobin
(g dl71)
12?5+1?7
Erythrocytes (ml71) 4?28+0?626106
Leukocytes (ml71) 15+5?76103
ERS (mm h71) 77+42
VC (l) 3?56+0?96 (95?7+17?3 %predicted)
FEV1 (l) 2?39+0?76 (82?3+19?2 %predicted)
MEF25 (r sec
71) 1?10+0?74 (77?3+43?7 %predicted)
Clinical stage I (10), II (22), III (8), IV (2)Schi bases (SB), in tissue homogenates were determined.
The patients’ characteristics are presented in Table 1.
SPONTANEOUS GENERATION OF H2O2
Tissue specimens were washed in ice-cold 0?9% NaCl and
stored at 7808C for no longer than 2 weeks. Hydrogen
peroxide generation was determined according to the Ruch
method (9). A 10 ml aliquot of tissue homogenate obtained
as previously described (10) was mixed with 90 ml of PBS
and 100 ml of horseradish peroxidase (1 U ml71) contain-
ing 400 mmol l71 homovanilic acid (HVA) and incubated
for 60min at 378C. Then, the sample was mixed with 300 ml
of PBS and 125 ml of 0?1 M glycine-NaOH buer (pH 12?0)
with the addition of 25 mM EDTA. The HVA-derived
oxidation product, as a measure of the amount of H2O2,
was determined spectrofluorimetrically. Excitation length
was set at 312 nm and emission was measured at 420 nm.
Readings were converted into nanomoles per litre using
regression equation y=0?038x70.32 (y= nmol l71 H2O2
homogenate; x= intensity of emission at 420 nm expressed
in arbitrary units) obtained from three series of calibration
experiments with 19 increasing (10–10 000 nmol l71) H2O2
concentrations. The lower limit of H2O2 detection was
80 nmol l71.
CONCENTRATION OF LIPID
PEROXIDATION PRODUCTS
The concentration of TBARs was estimated with the Yagi
method (12). A 100 ml aliquot of homogenate was added to
1 ml of 0?05 M sulphuric acid and 0?5 ml of 1?23 M
trichloroacetic acid (TCA). After mixing for 20 sec, the
solution was allowed to stand for 5 min. After centrifuga-
tion (1500 g for 10 min at 48C) the supernatant was
discarded and the pellet resuspended in 2 ml of thiobarbi-
turic acid (TBA) solution (0?67 g solved in 100 ml with
distilled water, then diluted 1:1 with glacial acetic acid). The
solution was boiled for 30 min, allowed to cool at room
temperature and the chromogen formed in the reaction, was
extracted into 2?5 ml of butanol by vigorous shaking for 30
sec. Following centrifugation (1500 g for 10 min at 258C),
TBA-reactive substances in the butanol layer were mea-
sured spectrofluorometrically using Perkin Elmer Lumines-
cence Spectrometer LS-50 (Norwalk, CT, U.S.A.).
Excitation was set and emission was measured at 515 and
546 nm, respectively. Readings were converted into
micromoles per litre by use of regression equation
y=0?12x70?76 (y=nmol l71 TBARs; x=intensity of
emission at 546 nm expressed in arbitrary units). The
regression equation was prepared from three series of
calibration experiments with six increasing concentrations
of tetra-methoxy-propane, used as a standard of TBARs
(0?1–10 nmol l71). The lower limit of detection was 0?05
nmol l71.
Schi bases measurements were performed according to
Buege and Aust (11). Seventy microlitres aliquot of
homogenate was mixed with 980 ml of chloroform-metha-
nol mixture (2:1 V/V), adjusted to pH 2?3 with 280 ml of
802 M. ZIEBA ET AL.distilled water and then vigorously shaken and centrifuged
(1500 g for 10min). The SB were measured spectrofluor-
imetrically. Excitation was set at 430 nm and emission was
measured at 360 nm. The results were expressed in arbitrary
units of fluorescence (U).
Pulmonary function: forced expiratory volume in 1 sec
(FEV1), forced vital capacity (FVC) and maximal expira-
tory flow at 25% of FVC (MEF25) were measured with
spirometer (ABC Med, Poland), according to European
Respiratory Society recommendations (13).
REAGENTS
Sodium dodecyl sulphate, horseradish peroxidase, thiobar-
bituric acid and homovanilic acid were obtained from
Sigma Chemical Co. (St. Louis, MO, U.S.A.). Chloroform
was from Ubichem Ltd. (Eastleigh, U.K.). Pyridine and
trichloroacetic acid (TCA) were from BDH (U.K.) and N-
butanol, acetic acid, methanol, EDTA and other reagents
were from POCh (Gliwice, Poland).
STATISTICAL ANALYSIS
Statistical significance of dierences was determined with
t-test or Kolmogorov–Smirnov test. Correlations were
expressed as Pearson’s or Spearman’s coecient depending
on data distribution. All data were expressed as mean+
standard deviation (SD). A P-value of 50?05 was con-
sidered significant.
Results
OXIDATIVE STRESS IN LUNG CANCER
TISSUE
The analysis of the whole group of patients showed that
peroxidative reactions in tumour tissue are enhanced if
compared with healthy tissue. The concentration of TBARs
(P50?001) in tumour tissue were higher than in lung
parenchyma (Fig. 1). However, no dierences between
H2O2 spontaneous generation and concentration of SchiFIG. 1. The concentration of TBARs in tumour tissue (1)
and lung parenchyma (2) of patients with lung cancerbases in lung and tumour tissue were found. Among the
histological subgroups of lung tumour, the concentration of
lipid peroxidation products were significantly increased,
only in patients with adenocarcinoma (Table. 2). The
highest level of TBARs and H2O2 generation in tumour
tissue were found in adenocarcinoma and small cell lung
cancer (SCLC) (3?28+1?83 nmol l71 and 2?94+ 1?91 nmol l71,
0?235+0?131 mmol l71 and 0?233+0?108 mol l71, respec-
tively) (Table 2). These dierences were significant
(P50?05) in case of H2O2 release by large cell carcinoma
tissue and SCLC, as well as between adenocarcinoma and
large cell carcinoma tissue. The highest spontaneous H2O2
generation in healthy lung tissue was observed in patients
with squamous cell carcinoma and adenocarcinoma
(P50?05) (Table 2). No dierences between SB concentra-
tion in tumour tissues were noted. Also, there was no
dierence between the lipid peroxidation products content
in pulmonary parenchyma in histological subgroups.
Additionally, no dierences between leukocytes count and
ESR in histological subgroups were found.
ASSOCIATIONS BETWEEN MEASURED
VARIABLES
Correlation analysis in the entire group of patients showed
a positive association between concentration of hydrogen
peroxide and Schi bases (r=0?33; P50?05) and the
concentration of TBARs in tumour tissue (r=0?75;
P50?05). In patients with SCLC the positive correlation
between the generation of H2O2 in tumour tissue and
clinical stage (r=0?43; P50?05) was found. Also in patients
with squamous cell carcinoma the generation of H2O2 in
tumour tissue (r=0?46; P50?05) correlated positively with
clinical stage (Fig. 2). The spontaneous generation of H2O2
(r=70?4; P50?05) and concentration of SB (r=70?41;
P50?05) in lung tissue correlated negatively with MEF25 in
all of patients.
CIGARETTE SMOKING AND LIPID
PEROXIDATION
We divided patients into two additional subgroups:
smokers and non-smokers. There was no significant
dierence between concentrations of lipid peroxidation
products in these groups, although the concentration of
TBARs in lung parenchyma of smokers was lower than in
non-smokers (1?41+0?62 nmol l71 and 2?02+1?04
nmol l71, respectively). No significant dierences between
FEV1 and MEF25 in these groups were found. However, in
smokers concentration of TBARs in tumour tissue corre-
lated negatively with MEF25 (r= 70?80, P50?05, respec-
tively). No correlation between the concentration of lipid
peroxidation products in lung tissue and spirometric tests
was found. Negative correlation between age and spiro-
metric parameters (FVC/r=70?49, FEV1/r=70?65;
P50?05) in smokers was recognized. In non-smokers
spontaneous generation of hydrogen peroxide in lung tissue
correlated negatively with MEF25 and FEV1 but no
correlation between the concentration of lipid peroxidation
TABLE 2. The concentration of lipid peroxidation products and spontaneous generation of H2O2 in tumour tissue and lung
parenchyma
TBARs (nmol l71) SB [U] H2O2 [mmol l
71]
Tumour
tissue
Lung
parenchyma
Tumour
tissue
Lung
parenchyma
Tumour
tissue
Lung
parenchyma
Adenocarcinoma 3?28+1?83* 1?61+0?72 7?71+3?02* 5?05+1?85 0?235+0?131{ 0?183+0?164{
Small cell lung cancer 2?94+1?91 1?15+0?58 4?63+2?28 3?8+2?17 0?233+0?108{ 0?102+0?122
Squamous cell lung cancer 2?23+1?77 1?69+0?91 5?96+3?6 5?15+4?1 0?193+0?167 0?323+0?354{
Large cell lung cancer 1?97+1?06 1?55+0?53 8?76+2?91 6?11+3?53 0?11+0?06 0?083+0?04
* P50?016 and P50?02 vs. lung parenchyma;
{ P50?05 vs. large cell lung cancer;
{ P50?05 vs. SCLC and large cell lung cancer.
FIG. 2 Positive correlation between clinical stage and
spontaneous generation of hydrogen peroxide in tumour
tissue of patients with squamous cell carcinoma (r=0?46).
FIG. 3 Positive correlation between cumulative cigarette
consumption and spontaneous generation of H2O2 in lung
tissue of patients with lung cancer (r=0?48).
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In these patients, as well as in cigarette smokers, age
correlated negatively with FEV1 (r=70?46; P50?05) and
MEF25 (r=70?63: P50?05). The significant dierence
between cumulative cigarette consumption was found only
in patients with squamous cell carcinoma and large cell
carcinoma (40+10 and 31+4 pack-years respectively,
P50?05). Moreover, in the entire group of smokers H2O2
spontaneous generation in lung tissue correlated with the
cumulative cigarette consumption (r=0?48, P50?05)
(Fig. 3). Also, in normal lung tissue of squamous cell
carcinoma patients, cumulative cigarette consumption was
associated with H2O2 generation (r=0?65; P50?02) and the
concentration of Schi bases (r=0?63; P50?02).
Discussion
OXIDATIVE STRESS IN PATIENTS WITH
LUNG CANCER
Oxidative stress can play some role in the initiation,
promotion and malignant conversion. Free radicals thattake part in carcinogenesis, may come from cigarette
smoke, air pollution and activated phagocytes (neutrophils,
macrophages, monocytes) as a consequence of chronic
inflammatory diseases (1,2). Our data indicate an increased
lipid peroxidation in the cancer tissue in comparison with
lung parenchyma, which was the highest in SCLC and
adenocarcinoma tissue. The increased plasma concentra-
tions of inflammatory markers such as TNFa soluble
receptors,CRP (C-reactive protein) andproductionofTNFa
and IL1 by blood phagocytes have been reported in patients
with lung cancer (8,14). Acute phase response has also been
described in another study on cancer patients (15). These
observations suggest that the presence of tumour is
accompanied with systemic and local (at the tumour site)
inflammatory reaction due to secretion of pro-inflamma-
tory cytokines and influx of phagocytes. In addition, some
studies indicate that tumour tissue could be the source of
reactive oxygen species and lipid peroxidation products
itself (16,17). Interestingly, reactive oxygen species genera-
tion by tumour cells was reported to cause vessel wall injury
and promote metastases formation (18,19,20). Although
cancer tissue is claimed as both a free radicals generation
site and the target of phagocyte-dependent attack, it partly
804 M. ZIEBA ET AL.avoids destruction because of its antioxidative system and
fast neoplasmatic cell production. Indeed, in patients with
lung cancer the activity of superoxide dismutase (SOD) in
serum, pleural fluid and the concentration of glutathione in
bronchoalveolar lavage fluid were higher than in healthy
controls (21,22). Although, decreased levels of superoxide
dismutase and catalase (CAT) activity were observed in
lung cancer tissue, their inactivation during detoxication
may take place (23). Moreover, various levels of antiox-
idant enzyme activity were found in dierent malignant
prostate cell lines (24). The generation of hydrogen
peroxide did not dier between tumour tissue and lung
parenchyma in the whole group of our patients. We might
assume that H2O2 is rapidly utilized for hydroxyl radical
formation, resulting in enhanced lipid peroxidation or it is
transformed in to H2O by catalase. The most enhanced
lipid peroxidation (but not significant, probably due to high
interindividual variability and low number of samples) and
generation of H2O2 in tumour tissue was noted in
specimens of adenocarcinoma and SCLC tissue, in case of
which ‘early’ dissemination and fast growth are common
features. Dierences in generation of H2O2 might be
dependent upon various activities of antioxidant system in
several histological types of lung cancer. Correlation
between concentration of lipid peroxidation products in
lung and cancer tissue results from the chain character of
this reaction, in which one product is converted into
another one.
The highest level of H2O2 generation in lung tissue was
observed in specimens obtained from patients with squa-
mous cell carcinoma and adenocarcinoma. It was probably
associated with smoking-dependent influx and activation of
phagocytes, especially that H2O2 generation and Schi
bases concentration in lung tissue correlated with cumula-
tive cigarette consumption in squamous cell carcinoma.
Moreover, it is possible, that lung tissue in these patients
was aected with secondary bacterial inflammation. How-
ever, it was not accompanied by the rise of lipid
peroxidation in pulmonary parenchyma. The high antiox-
idant activity of lung tissue might be involved. Interestingly,
in the patients with squamous cell carcinoma and SCLC the
generation of H2O2 in tumour tissue correlated positively
with the tumour clinical stage. We may speculate that it
mainly depends on the increase in the production of free
radicals/lipid peroxidation products and decrease in lung
antioxidant system activity. That may further bring about
massive vessel damage and dissemination of cancer
(18,19,20).
CIGARETTE SMOKING, LIPID
PEROXIDATION AND GENERATION OF
H2O2
The concentration of TBARs in smoker lung tissue was
similar to that in non-smokers. Dierent results from
current smokers were observed in a previous study
involving cancer and non-cancer patients. It was previously
described that in recent smokers the TBARs content was
higher in the lung cancer patients than in the non-lungcancer group (7). In our patients cigarette consumption was
associated with generation of H2O2 in lung tissue in the
whole group and in those with squamous cell carcinoma.
Cigarette smoking is associated with the activation of
phagocytes in the airways and formation of reactive oxygen
species. It further leads to chronic injury of the lung
parenchyma and activation of antioxidant system that is
capable of reducing lipid peroxidation in smokers (25).
Negative correlation between MEF25 and the concentration
of TBARs in tumour tissue may result from the chronic
inflammation in lower airways of smokers and higher
sensitivity of tumour tissue to oxidative stress if compared
to that of normal lung parenchyma. As a consequence of
chronic cellular damage carcinoma may develop and
coexists with chronic obstructive pulmonary disease.
In conclusion, our results indicate that: (i) lipid
peroxidation in lung cancer tissue is enhanced, (ii) the
highest production of H2O2 was observed in specimens of
SCLC and adenocarcinoma and this correlated positively
with patients’ clinical stage.
Further studies are necessary to analyse the possible
association between the intensity of lipid oxidative damage
and the clinical stage of lung tumour.
Acknowledgement
The work was supported by Medical University of Lodz,
grant No 502-11-572 (119).
References
1. Feig DI, Reid TM, Loeb LA. Reactive oxygen species
in tumorigenesis. Cancer Res 1994; 54: 1890–1894.
2. Cerutti PA. Oxidant stress in carcinogenesis. Eur J Clin
Invest 1991; 21: 1–5.
3. Janero DR. Malondialdehyde and thiobarbituric acid-
reactivity as diagnostic indices of lipid peroxidation
and peroxidative tissue injury. Free Rad Biol and Med
1990; 9: 515–540.
4. Chung FL, Chen HJ, Guttenplan JB, et al. 2,3-epoxy-4-
hydroxynonanal as a potential tumor-indicating agent
of lipid peroxidation. Carcinogenesis 1993; 14: 2073–
2077.
5. Chow CK. Cigarette smoking and oxidative damage in
the lung. Ann NY Acad Sci 1993; 28: 289–298.
6. Leanderson P, Tagesson C. Cigarette smoke-induced
DNA damage in cultured human lung cells: role of
hydroxyl radicals and endonuclease activation. Chem
Biol Ineract 1992; 81: 197–208.
7. Petruzzelli S, Hietanen E, Bartsch H, et al. Pulmonary
lipid peroxidation in cigarette smokers and lung cancer
patients. Chest 1990; 4: 930–935.
8. Tsukaguchi K, Yoneda T, Yoshikawa M, et al.
Interaction between nutrition and production of IL-1
beta, TNF alfa, and IL-6 by peripheral blood mono-
cytes in patients with lung cancer. Nippon Kyobu
Shikkan Gakkai Zasshi 1996; 34: 778–784.
H2O2 GENERATION AND LIPID PEROXIDATION PRODUCTS 8059. Ruch W, Cooper PH, Baggiolini M. Assay for H2O2
production by macrophages and neutrophols with
homovanilic acid and horse-radish peroxidase. J
Immunol Methods 1983; 63: 347–357.
10. Piotrowski WJ, Pietras T, Kurmanowska Z, et al.
Eect of paraquat intoxication and ambroxol treat-
ment on hydrogen peroxide production and lipid
peroxidation in selected organs of rat. J Appl Toxicol,
1996; 16: 501–507.
11. Buege JA, Aust SD. Microsomal lipid peroxidation.
Methods in enzymology. 1978; 52: 303–310.
12. Yagi K. Lipid peroxides and human diseases. Chem
Phys Lipids 1987; 45: 337–351.
13. Quanjer PhH, Tammeling GJ, Cotes JE, et al. Lung
volumes and forced ventilatory flows. Report working
party standardisation of lung function tests. European
Community for Steel and Coal for ocial statement of
European Respiratory Society. Eur Respir J 1993; 6: 5–
40.
14. Staal van der Brekel AJ, Schols AMW, Dentener MA,
et al. Metabolism in patients with small cell lung
carcinoma compared with patients with non-small cell
lung carcinoma and healthy controls. Thorax 1997; 52:
338–341.
15. Falconer SJ, Fearon KCH, Plester CE, et al. Cytokines,
the acute-phase response and resting energy expediture
in cachectic patients with pancreatic cancer. Ann Surg
1994; 219: 325–331.
16. Leroyer V, Werner L, Shaughnessy S, et al. Chemilu-
minescence and oxygen radical generation by Walker
carcinoma cells following chemotactic stimulation.
Cancer Res 1987; 47: 4771–4775.17. Burns CP, Wagner BA. Heightened susceptibility of
fish oil polyunsaturate-enriched neoplastic cells to
ethane generation during lipid peroxidation. J Lipid
Res 1991; 32: 79–87.
18. Orr FW, Warner DJ. Eects of systemic complement
activation and neutrophil-mediated pulmonary injury
on the retention and metastases of circulating cancer
cells in mouse lung. Lab Invest 1990; 62: 331–338.
19. Monte M, Davel LE, de-Lustig ES. Inhibition of
lymphocyte-induced angiogenesis by free radical sca-
vengers. Free Radic Biol Med 1994; 17: 259–266.
20. Shaughnessy SG, Buchnan MR, Turple S, et al. Walker
carcinoma cells damage endothelial cells by the
generation of reactive oxygen species. Am J Pathol
1989; 134: 789–796.
21. Durak I, Canbolat O, Kavutou M, et al. Activities of
total, cytoplasmic and mitochondrial superoxide dys-
mutase enzymes in sera and pleural fluids from patients
with lung cancer. J Clin Lab Anal 1996; 10: 17–20.
22. Melloni B, Lefebvre MA, Bonnaud F, et al. Antiox-
idant activity in bronchoalveolar lavage fluid from
patients with lung cancer. Am J Respir Crit Care Med
1996; 154: 1706–1711.
23. Guner G, Islekel H, Oto H, et al. Evaluation of some
antioxidant enzymes in lung carcinoma tissue. Cancer
Lett 1996; 103: 233–239.
24. Jung K, Seidel B, Rudolph B, et al. Antioxidant
enzymes in malignant cell lines and in primary cultured
prostatic cells. Free Rad Biol Med 1997; 23: 127–133.
25. Nowak D, Antczak A, Krol M, et al. Increased content
of hydrogen peroxide in the expired breath of cigarette
smokers. Eur Respir J 1996; 9: 652–657.
